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AbKifCt 

Ptarpesc  To  exurnne  foe  effects  of  ubiquinol  (reduced  form  of  Coenzyme  Q 10)  In  leukocytes, 
lungs,  diaphragm,  and  microcirculation  following  hemorrhagic  dwelt  (HS)» 

Design:  Experimental. 

Methods:  Anesthetized  rats  were  bled  to  induce  US  try  removing  40%  of  the  blood  volume  over 
60  minutes.  The  rata  were  resuscitated  with  blood  and  ladated  Ringer's  solution,  with  ot  without 
ubiquinol,  and  monilcred  for  120  minutes.  Lungs  and  diaphragm  were  excited  and  harvested  for 
hydrogen  peroxide  (HjOn)  concentration  and  apoptosis  analysis.  Leukocytes  were  analyzed  for 
mitochondrial  superoxide  (Oi~)  at  baseline,  end  of  shock,  and  120  minutes  following  fluid 
resuscitation.  In  another  set  of  experiments,  leukocyte  adherence  and  nuut  cell  degr&mitattoii 
(MCD)  was  obtained.  Vascular  permeability  was  assessed  and  reactive  oxygen  gptdes  (ROS)  In 
die  venular  walls  were  determined. 

Sample:  Sprague  Dawley  male  rats  were  used  and  randomly  assigned  to  the  control  or 
experimental  groups.  There  were  1 0  rats  per  group  in  each  set  of  experiments* 

Analysis:  Statistical  significances  were  defined  ata  p  <  0.05,  Various  types  of  nonparametrlc 
statistics  were  used. 

findings:  Mitochondrial  leukocyte  (Vin  the  control  group  increased  and  there  was  a  30%  rise 
at  the  end  of  the  experiment,  as  compared  to  ubiquInoJ  group.  Similarly,  lung  and  diaphragm 
apoptosis  in  the  control  group  was  significantly  higher.  Diaphragmatic  HjOs  in  the  control  group 
was  alio  significantly  higher  than  the  ubiqmnnj  group.  There  were  significant  differences  tn 
leukocyte  adherence.  the  MCD  Index,  vastier  permeability  and  microcirculation  ROS 
production  between  the  control  aod  the  ubl^ulnol  groups. 

ImpBeitlou  for  Military  Naming:  Ublqulnol  is  a  safe  and  easily  administered  supplement  that 
prevents  cellular  damage  and  reperfosioc  Injury  following  US.  Attenuating  damage  to  organa 
wfththe  utt  of  ubrtyiinnl  following  HS  could  he  used  in  military  personnel. 
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Pregnn  Toward!  Achievement  or  Specific  Ainu  of  the  Study  or  Project 

Finding*  rehted  to  each  specific  aim,  research  or  study  questions,  aod/or  hypothesis: 
We  have  completed  data  collection  fir  all  hypotheses  related  to  AIM  #J  and  AIM  #Z 

Below  Is  the  description  of  the  completed  achievement  of  our  specific  aims  An  this  grant 
AIM  Mi  To  examine  the  t£fe&  of  CoQJ ft  bt  U*d(*>cy'let>  the  end  the  diaphragm  os  * 


tnMtnmit for  hemorrhagic  shock  (HS), 

gfSWKh  Hypothesis  fa:  Administering  intravencoi  (IV)  CoQlO  decreases  leukocyte 


mitochondria  reicttve  oxygen  (pedes  (R0SJ  tothmlng  HS. 


In  the  Jut  1 2  months  since  our  Year  2  annual  profijCM  report,  we  completed  the 
measurements  oa  supenndde  production  b  leukireyte  mitochondria  to  examine  the  effects  of 
Intravenous  (IV}  ubiquinol  (reduced  form  of  coeozymc  Q 10)  in  a  hemorrhage  sJxxtnt  model. 
A  synopsis  of  the  ruetbod  is  as  follows;  monoclonal  antibodies  CD45  were  used  to  identify 
leukocytes  b  the  whole  blood  and  MrtoSox  Red  reagent  to  detect  supoqxide  production  in  the 
mitochondria.  As  reported  In  the  first  annual  report,  we  adjusted  the  protocol  to  defrost  the 
MrtoSox  Red  reagent  at  least  15  minutes  before  obtaining  samp]  cs.  Thl  i  allowed  the  reagent  to 
warm  to  room  temperature.  To  preserve  Its  reactivity,  we  prepared  a  new  MitoSox  Red  reagent 
working  solution  from  the  stock  sample  right  before  we  obtained  samples  at  baseline,  shock,  end 
treatment  periods.  We  gated  10,000  CD45  positive  cells  (leukocytes)  and  collected  data  on 
leukocyte  mitochondria]  superoxide  by  measuring  mean  fluorescent  intensity  (MFI)  of  MitoSo* 
Red.1-1 

As  discussed  hi  annual  report  Year  2,  Figure  1  displays  examples  of  flow  cytometry 
results  of  leukocyte  mitochondrial  stipcroxide  production  sf  baseline,  shock,  and  fhijd 
resuscffctJon  with  or  without  ublquinol.  In  this  example,  the  MFI  Increased  after  hemorrhagic 
end  focjessed  fcltawbg  reperfuskri  srf  blood  Lacked  ?inger+  s  (Lft),  However,  fhe 
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administration  of  IV  ubiquinol  before  reperfusion  of  the  blood  suidLR  prevented  (he  increase  in 
superwdde  production. 


Baseline 


Treatment  without  UbLqulnul 


Figure  1.  Examples  of  flow  cytometry  results  of  leukocyte  mitochondrUl  superoxide  production 
at  baseline,  stack,  end  fluid  resuscitation  with  or  without  ubiqulnol. 

Table  1  displays  MFIs  of  MhoSox  Red  at  baseline,  following  tamonbaglc  shock  and 
fluid  resuscitation  with  or  without  administering  IV  ubjquinol. 

Table  1.  Mean  fluorescent  Lutemity  of  MitoScx  red  st  baseline,  shock,  and  without  or  with 
ublquiaol  treatment. 
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smo  ±  377,8  6491.1  ±  265.8 
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7227.!>  ±  534<5  4687.2  ±  2654 

Data  are  expressed  as  mean  ±  standard  error  of  mean,  n  =  10. 

As  shown  In  Table  1,  leukocyte  mitochondrial  supemride  levels  in  both  groups  (control 
vs.  ubiqmnol)  at  basdine  were  comparable  {5653.5  ±  506,2  vs.  5617.5  ±  242.3,  respectively). 
Fallowing  60-minute  hemorrhagic  shock,  leukocyte  mitochondrial  svperoxlde  production 
Increased  significantly  from  baseline  In  both  the  control  (65M.0  ±  377.8)  and  nbiquinol  (645*1.1 
±265.3)  groups.  Without  administering  IV  ubiquinol  during  fluid  resuscitation  in  the  control 
group,  suptroxlde  production  continued  to  increase  and  there  was  30%  of  elevation  at  the  cud  of 
experiment,  as  compared  to  baseline.  In  contrast,  Euperoxids  levels  reduced  in  the  ublqirinnl 
group  after  120-mimitB  fluid  resuscitation  period*  The  level  was  even  lower  than  the  baseline 
level.  The  difference  in  supeicxlde  production  at  the  end  of  fluid  resuscitation  between  the  two 
groups  was  statistically  significant  (p  <  Q.QQ1)» 

The  data  Indicated  that  administering  IV  ubiquinol  following  hemorrhagic  shock 
facilitated  the  decrease  in  the  production  of  svperojridc  (one  of  the  major  reactive  oxygen  species 
(EOS))  in  the  mitochondria.  Significant  reduction  la  RQS  production  in  a  hemorrhagic  shock 
event  could  potentially  attenuate  ftperitalou  injury  induced  by  fluid  resuscitation. 

Research  Hymtholy  lb;  Administering  IV  CoQlfl  reduces  lung  hydrogen  peroxide  nod 
apoptasli  Following  BS, 

We  have  completed  all  the  experiments  related  to  IV  CoQlO  administration  and  lung 
apoptosis  following  hemcaihagic  shock  with  a  sample  size  of  1 Q  rats  in  each  group.  We  used 
fluorescent  microscopy  to  determine  nuclear  apoptosis.3  In  these  experiments*  IV  CoQlO 
significantly  decreased  the  mean  percent  of  lung  apoptosis  following  hemorrhagic  shock  and 
fluid  resuscitation.  These  data  were  published  in  Experimental  Physiology,  which  showed  that 
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rai*  treated  with  ttbiqidnml  had  lignificanltly  less  apoptirtic  nuclei  (p  <  0,001)  thin  the  controls  in 
the  lungs  (6.0  ±  Ol  7%  versus  39.2  ±  1,1%)  (Figure  2),  These  findings  suggest,  that  administering 
IV  ublqulnol  during  fluid  resuscitation  following  60-minute  hemorthagic  shock  decteass  Lung 
injury  measured  by  percent  Ivtng  apoptosis. 

Figure  2.  Mean  percent  lung  apoptosis  following  <5 0- minute  hemorrhagic  shock  and  fluid 
resuscitation  with  or  without  ubiquinol . 
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*  ■  it|niirfjnHyHifflaHiit  frfun  codttol  (p  <  0.05),  Mcen=fc  5  EM,  q  ■  10  per  group, 

Research  llvnmhesh  Iq  Admlnltterttig  IV  CoQlO  rtducea  diaphragm  hydrogen  peroxide 
and  apoptosis  following  US. 

All  dim  collection  for  this  specific  hypothecs  wen  completed  with  10  experiments  in 
each  group  (the  control  and  ublquinolgruups).  The  mis  mated  with  ubiquinoJ  had  significantly 
Jess  apoptatic  nuclei  (p  <  0.001)  than  the  centred  in  the  diaphragm  (4.7  ±  03%  versus  30.6  ± 
2.4%).  The  Mann-Whi tney  U  text  showed  that  the  mean  difference  In  diaphragm  apoptosis 
between  the  two  groups  were  tignificamfy  different  (fK  Q.Q0  1).  In  other  words,  administering  IV 

fellwwlngliujjnrrhflglc  ihmLajgmifittmlj  deereqad  dkphragm-apoptosi*  +r««fr< 
times  (See  Figure  3  below).  Data  from  this  set  of  experiments  indicates  that  administering  IV 
ublquinol  significantly  attenuates  diaphragm  apoptosis  following  60-minutes  hetufinlupc  shock 
and  fluid  resuscitation.  These  findings  were  similar  with  those  observed  in  Lung  apoptosis. 
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Figure  3k  Mean  percent  diaphragm  apoptosis  following  6  Cbm  mute  hemonhigtc  shock  and  fluid 
resuscitation  with  or  without  ubiqulnol. 
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*  ■  significantly  different  from  control  (p  <  C.Q5).  Mean  ±  SBM.  n»  10, 

As  described  In  detail  in  our  first  annual  report,  we  were  unable  to  UK  the  laser  seaming 
cytometer  is  planned  to  meutuc  hydtogen  peroxide  concentration  m  the  diaphragm  due  to  it 
being  Unjperabk  and  personnel  change  b  the  flow  cytometry  center.  However,  we  found  an 
alternative  way  to  achieve  this  goal,  which  ii  laser  conjucal  microscopy.  In  brief,  we  did  not 
change  any  of  our  methods  (used  di  hydrofluoreice  in  diaccMe  (KFluam-DA)  to  detect  hydrogen 
peroxide/  but  only  the  instrument  (from  laser  scanning  cytometer  to  the  laser  confocal 
microscope)  to  measure  hydrogen  peroxide,  SEnca  then,  we  continued  collaboration  with  the 
cu  nib  cal  microscopy  expert  in  the  Live  Imaging  Core  Laboratory  end  have  successfully 
completed  all  the  experiments  related  to  diaphragm  hydrogen  peroxide  production  and  obtained 
all  the  images  using  a  Nikon  TE  2000-U  inverted  throe-laser  confocel  microscope  system.  We 
THwt  Mr PHTnnrph  V  ?  1 .6  software  to  quantify  the  averanfl  fluorescence  intensity  of  Hfluor-DA 


from  all  the  fluorescence  images  The  higher  fluorescence  intensity  measurements,  the  greater 
concentration  of  hydrogen  peroxide  was  in  the  diaphragm.  These  data  are  unchanged  from  the 
data  presented  In  the  second  annual  report  and  are  illustrated  below.  Figure  4  displays  examples 
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of  diaphragm  wmplc  Images  captured  by  a  confocaJ  microscope  fo Lto wi n  g  h  emorrhagic  shock 
and  fluid  resuscitation  with  end  without  ubiquinnl  (shown  in  Year  1  annual  report). 


Control  UbLq«ht«l 


Figure  4.  Hydrogen  peroxide  fotmallotl  in  rat  diaphragms  following  i50  minutes  of  hmunrhagic 
shock  and  fluid  resuscitation  with  &  without  nbiquinoL  A,  B.C  represent  images  of  a  rat 
diaphragm  trusted  without  ubiqdnol  (At  ConfocaJ  bright  field*  B;  Confix  al  fJuomc«n  image, 
C:  Merged  bright  field  snd  fluorescent  images),  D,  E,  ¥  represent  images  of  a  rat  diaphragm 
treated  with  ublquiooJ  (D:  ConfocaJ  bright  field,  E;  ConfocaJ  fluorescent  image,  P;  Merged 
bright  Geld  and  fluorescent  images). 

The  differences  in  diaphragm  hydregen  peroxide  between  the  two  groups  were  likewise 
tested  using  the  Maim-V/litmey  U.  Statistical  significance  waa  defined  aj  p  <  0.05.  Our  data 

■Jhowwl  that  thw  MFI  af  Hflnnr.ni  TnthF  r*ntnnt  *11  ■*■ 

than  J  times  higher  than  in  the  uhiquinol  group  (4,1M  ±  333,  p  <  OjOOI)  (Figure  5).  The  findings 
suggest  that  administering  IV  ubiquJnol  following  hemofThagfc  aback  can  reduce  hydrogen 
peroxide  production  in  the  diaphragm. 
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Figure  &  Diaphragm  mean  fluorescent  intensity  of  hydrogen  pecocide  in  the  control  and 
ubiqumol  gimp. 


*  ■  significantly  different  from  control  (p  <  0.05 ),  Mean  ±  SEM,  n  “  8. 

Id  coflclurian,  all  the  experiments  related  to  AIM  #1  and  [ho  three  hypotheses  suggest 
that  TV  CoQl  0  reduces  the  production  of  ROS  (superexide  and  hydrogen  peroxide)  oftd 
attenuates  cellos*  ittfufy  measured  by  apoptosis  in  the  Lung  and  diaphragm  following 
hemorrhagic  shack  and  fluid  raxosdtatiaiL  These  data  have  been  published  In  Exptrfrnertfaf 
Physiology* 

AIM  M2:  To  enurunr  ths  offset  of  CoQl&tn  ih*  microciFculaihm  as  a  trtatmtfli  f&rHS* 

R*s«r*h  Hviwihesls  2a;  Administering  IV  CoQlQ  d  cermet  tcukocyt*  adherence  fed  owing  HS. 

All  of  dv;  experiments  on  leukocyte  adherence  following  hemorrhagic  shock  and  Quid 

ffiffliimlmihJB  hnw  bettrrcmuluutedrirrrtHii  gudy,  kukmy  lu  adlHiieiiiB  In  die  uiliraclrtidallui]  was - 

measured  an  a  1  Oft- pm  length  of  mesenteric  venule  fbr  one  minute  every  1ft  minutes  throughout 
the  experiment,  and  recorded  on  a  digital  vtdeo  recorder.  Leukocytes  adherence  was  defined  as 
the  number-  of  adhered  leukocytes  in  the  venule  that  remained  stationary  for  longer  than  10 
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seconds.  Figure  6  (as  shown  In  the  second  annual  report)  illustrates  the  number  of  leukocyte 
adherent  In  mesenteric  microcirculation  during  50  minutes  of  hemorrhagic  shock  Eind  following 
fluid  resuscitation  with  or  without  administering  IV  ublqulnoL, 


Figure  <S.  Mean  leukocyte  adherence  during  W*niinute  hemorrhagic  shock  and  following  fluid 
rexnsritztinn  with  or  without  CoQlQ. 

As  seen  In  Figure  6+  leukocyte  adherence  at  baseline  was  minimal  and  comparable 
between  the  control  and  ubiqulnol  groups.  During  the  60-tnlmite  hemorrhagic  shock  period,  the 
numbers  of  adherent  leukocytes  in  both  groups  gradually  increased  from  baseline.  However, 
leukocyte  adherenees  in  the  control  group  continued  to  increase  markedly  after  fluid 
resuscitation  without  (ukrinlftering  ubiquino].  [n  contrast,  the  trend  of  Increased  leukocyte 
adherence  during  hemorrhagic  shock  in  the  ubiquinol  group  reversed  after  administering  [V 
ublqmnol  along  with  fluid  resuscitation.  Furthermore,  ubiquinol  administration  significantly 
reduced  leukocyte  adherence  to  baseline  level  The  leukocyte  adherence  after  fluid  resuscitation 
treatment  in  the  control  group  was  afgnlficantiy  grcalcr  than  the  CoQ  10  group.  These  dam 
indicate  that  administering  [V  CoQlO  can  decrease  leukocyte  adherence  in  mesenteric 
microcirculation  following  hemorrhagic  shock  and  after  fluid  resuscitation. 
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Research  Ityppthcjb Jht  Administering  ^  CoQW  decreases  mast  cell  degrtnulwtlon 
following  HS. 

Since  the  lost  annual  report,  the  experiments  related  to  mast  cell  degranulation  hive  been 
completed  The  degree  of  mast  cell  degranulaticn  was  measured  by  the  uptake  extent  of 
ruthenium  icd  {an  Inorganic  dye  that  can  stain  degranulated  mast  cells)  by  mast  cells  at  the  end 
of  hemorrhagic  shock  and  fluid  resuscitation.  At  baseline*  images  of  ten  intact  mast  cells 
surrounding  the  1 00-pm  mesenteric  venule  were  obtained  for  each  experiment.  At  the  end  of 
each  experiment,  the  images  of  the  same  ten  mast  cells  were  collected  to  compare  the  degree  of 
mast  cell  degranulation. 

To  quantify  the  degree  of  mast  cell  d  cumulation,  all  the  images  wore  lint  digitized 
grayscales  and  ruba^uently  phase  Inverted.  The  relative  light  fnleaslty  of  each  mast  ccU  wfthln 
the  field  of  view  was  measured.  The  degree  of  mast  cell  activation  was  assessed  by  calculating 
the  ratio  of  experimental  to  baseline  light  intensities,  Figure  7  shows  examples  of  mast  cell 
images  that  were  digitized  grayscales  and  phase  inverted 


Bright  Field 


Figure  7,  Example  of  bright  field  and  gr^  seals  -phase  inverted  mast  cell  images. 
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A  higher  mast  cell  degranulatloa  indat  (ratio  of  experimental  to  control  light  Intensities) 
indicated  a  higher  degree  of  mwl  cel]  degramilatlcm  Our  data,  showed  that  mast  cell 
degnmulation  index  In  the  control  group  (1.02  ±  OXM  )  was  significantly  higher  than  that  in  the 
oblquiaol  group  (1.36  ±  0,03,  p<  0.05)  (Figure  8).  This  suggests  that  mast  cell  degramilation  in 
the  animals  treated  with  uhicpiinnl  following  hemorrhagic  shock  wasaigpific&ntLy  less. 
Corresponding  with  data  on  leukocyte  adherence,  these  data  indicate  that  administering  [Y 
uhiquinol  decreases  nricmeirculaiion  inflammation  gs  reflected  by  leukocyte  adherence  and  mast 
cell  dc  granulation. 

Figure  S.  Mast  cell  degranuladoii  index  between  the  central  and  uWqninol  group*. 


CoQlO  Untr**t*d 


Ratarch  Hvnolhwli  let  Administering  IV  CoQlO  deemtu  vascular  permeability 
following  B& 

Alter  we  completed  the  data  collection  for  leukocyte  adherence  end  mast  cell 
de  granulation,  we  started  the  experiments  related  to  vascular  permeability  in  microcirculation. 
Wc  have  conducted  all  of  the  experiments  for  this  set*  with  an  n  of  six  for  each  group  (control, 
ubiquinol).  To  measure  vascular  permeability,  wc  injected  FTTC-labeled  bovine  albumin  (JO 
mg/kg)  via  femoral  artery  cwiralatitHi  30  minutes  before  examining  mesenteric  microcirculation. 
Using  an  intensified  charge-coupled  device  (1CCO)  camera,  fluorescence  intensity  ofFlTC- 
labetcd  albumin  was  recorded  at  an  excitation  wavelength  of  420-490  run  and  an  emission 
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vravelength  of  J20  nm.  The  duratioo  of  each  ihioixscence  nrcctding  wai  l«s  than  15  seconds  b 
a  given  area.  Hie  fluorescence  Intensity  in  the  selected  venule  and  the  surrounding  area  wh 
measured.  The  ybscuIbi  permeability  index  was  calculated  as  the  ratio  of  extnveacularta 
Intravascular  fluorescence  in  intensities  A  hither  level  of  vascular  permeability  index  indicates 
an  Increase  in  vasedar  permeability.  Figure  9  denionsttatcs  vic>cniarp«TMablJity  imfigu  of 
mesenteric  venules  or  baseline^  shock,  1  hour,  and  2  hours  post  fluid  resuscitation  with  and 
without  uWquinnL  As  seen  in  the  figure,  al  baseline,  vascular  permeability  was  relative  low  end 
intravascular  fluorescence  intensity  was  much  higher  (brighter)  than  extra vfisculw  fluorescence 
Intensity. 

Control  Ublqulnol 


Shock 


14umr  P«t 
Fluid  Rtanseftaflon 


3-hour  Post 
Field  Resuscitation 


Figure  0.  Vascular  permeability  Images  of  mesenteric  venules  at  baseline,  shock,  1  hour,  and  2 
hours  post  fluid  resuscitation  with  and  without  ubiqutaol. 
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Corresponding  with  other  inflammatory  responses  (leukocyte  adherence  and  mast  cell 
degranulatlon)  to  hemorrhagic  shock  and  I -hour  fhitd  lemecllodan,  the  extmvascul&r 
fluorescence  intensity  start ed  Lncreasmg  as  vascular  permeability  increased,  allowing  leakage  of 
FITC4abeled  bovine  albumin  from  inside  of  mesenteric  veuulta  into  extravascukr  spaces.  After 
2-hour  fluid  resuscitation,  nunc  FITC-labeled  bovine  albumin  leaked  and  esttavawular 
fluorescence  intensity  continued  to  rise,  indicating  higher  vascular  permeability,  Table  2 
summarizes  vascular  permeability  index,  calculated  as  the  ratio  of  extravascularto  the 
intravascular  FTTC-alburntn  fluorescence  intensity. 

Tiibte  1  Vascular  permeability  index  at  baseline,  after  hemtexhagic  [hock,  lastly  L  and  2  hours 
after  treatment  with  or  without  ubiquinol. 


'"Time 

Control  (n*£)  \  UbiquIuDl 

Buellne 

0-05  ±  fl.02 

0.09±0.01  ! 

Shock 

0J7±0,O6 

1X15  ±0.02 

1  Hour  FulTnaftimi 

036  ±0.08 

(US  ±  0.09* 

2  Hour*  Pent  Treatment 

034  ±0,02* 

o.54  iaoj*1 

+Slg|dflcantly  different  from  baseline  (p  <  0.05),  *  Significantly  different  from  (be  control  group 
O><o.0i> 


The  greater  the  vascular  permeability  to  FlTC-aJbumln.  the  higher  is  the  vascular 

pcjm*ii>tel}ty  huktr.  Jit  biwflae,  ifea  iwsezdar  pg3Pafeflifcforf««  in  both  the  ivwitnsl  »mi  _ 

ubiqunwl  groups  were  similar  and  relatively  low.  After  1  hour  ofhemorrhaglc  shock,  the 
vascular  permeability  index  increased  to  Q.L7±G-Gti  in  tbe  control  group  and  D.  1 5  ±  0,03  in  the 
ubiquhol  group  respectively,  indicating  an  increase  in  vascular  permeability.  The  differences  La 
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vaffl^JarponHisatiniy  index  between  the  control  and  ubiqumol  grtaip*  at  hemorrhagic  shock 
were  not  statistically  significant^  >  0. 0JT).  Similar  results  weft  observed  at  ]  hour  after 
treatment  Ld  both  (he  control  and  ubiquinol  groups  as  tht  vascular  permeability  Indexes 
continued  to  increase  significantly  relative  to  baseline  (0J36±0.08  vs.  (UB±  0-09,  respectively). 
Administration  of  ubiquinol  significantly  reduced  the  increase  in  vascular  permeability  si  2  hours 
after  treatmenuo  0J4  ±  0  02,  which  was  significantly  less  than  the  control  group  (0.S4 £ 0.05) 
(P<0l01). 

Research  Pyppthreit_3rit  Administering  IV  CoQlO  dicrvuet  mlcnwascularKOS  Irrek 
following  HS* 

The  experiments  for  this  hypothesis  related  to  mlcrovascular  ROS  production  following 
hemorrhagic  shock  were  complete  We  used  the  oKldant-Knsitive  probe  called 
dihydrorhodumine  (DHR)  to  measure  ROS  levels  within  mesenteric  venules  by  using  an 
Intensified  charge-coupled  device  (1CCD)  camera.  Recordings  of  the  DKR  fluorescence  u^re 
made  for  brief  Intervals  (l.e.,  -  15  seconds)  to  avoid  fight-induced  activation  of  the  probe.  The 
fluorescence  intensity  was  measured  during  playback  of  videotapes  by  wing  image  analysis 
software  (N1H  image  1.62).  The  fhrnmccnt  intensity  signals  were  measured  h  Eve  adjacent 
circles  of  S-pm  diameter  slung  tbe  venuki  wall.  These  fluorescent  intensity  signals  were 
averaged  to  obtain  s  single  estimate  for  Adorcscent  signal  during  each  experimental  period 
(baseline,  shock,  nod  after  fluid  resuscitation). 

Figure  10.  Effects  of  ubiquinol  on  DHU  fluorescence  intensity  in  the  mesenteric 
nutrocirvulotiDn  following  hemonhag^c  shock  and  fluid  resuscitation.  Fluorescent  intensity  of 
DHRal  baseline*  shock,  and  30,  50,  50,  and  120  minutes  after  fluid  resuscitation  In  the  control 
and  ubiquinol  groups. 
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As  wn  in  Figure  above*  DHR  fluorescence  intensity  along  the  venular  wall  nod 
perivascular  sites  was  minimal  al  baseline  (Figure  10 A).  After  1-hour  hemorrhagic  shock*  there 
was  slightly  Increased  DHR  fluorescence  intensity  dong  the  veaular  wall,  hut  not  at  perivascular 
sites  (Figure  10B).  During  the  first  hour  of  fluid  resuscitation,  significantly  Increased  DHR 
fluorescence  Intensity  wjs  noticeable  at  perivaicul&r  sites  (Figure  10C  and  10D),  This  trend 
continued  after  90  minutes  fluid  resuscitation  with  maximum  amount  of  DHR  fluorescence 
Intensity  along  the  Ycnular  wall  and  perivascular  sites  (Figure  10E).  However,  CoQtO  decreased 
DHR  fluunscenoc  intensity  at  all  sites  slightly  after  2  bouts  fluid  resuscitation  (F £uxc  10F)-  The 
cumulative  data  of  ROS  levels  estimated  by  DHR  fluorescence  intensity  at  baseline*  HS,  30-mm* 
60-mJn,  90-mln,  end  120-min  after  fluid  resuscitation  intho  control  and  ublqumo}  gmupsnre 
displayed  In  table  3, 

Table  3*  The  fhanosceoec  Intensity  at  baseline,  hemorrhagic  shock,  30,  60,  90,  and  120  minutes 


after  treatment  with  or  vdthout  ubiquinoL 


Central  (nHS) 
100 


Ublqnlnol  (n«6) 


Baseline 


100 


Principal  InvtttifltOf  [7  km*.  Donwi) 

USU  Humber  H 1 1-CC2 

,  Shock 

IK* 

L19 

r  _i _  _  _ 

3D  Klieutei  Fuat  Treatment 

l 

233* 

i 

,  ~  Sf  ~  ~ 

r  60  Minutes  Port  Treatment 

3L8T 

lP* 

!  ^ _ . _ 

90  Mlautes  Post  Treatment  1 

335^ 

]MT 

1 

120  Mints*  Pmt  Treatment 

343+' 

m~  ] 

+Significaatiy  different  from  buelint  ip  cOj&SJ,  ‘Significantly  difTensni  from  the  control  group 


(p<0,01). 

The  DHR  fluorescence  Intensities  h!  hemorrhage  shock  Bud  every  30  minutes  alter  fluid 
resuscitation  were  expressed  relative  to  baseline  vn Jue  (100%)f  The  ROS  levels  in  the  control 
group  significantly  Increased  compared  to  baseline  following  fluid  resuscitation  (p  <  0.01).  The 
ROS  levels  in  the  ublqulnol  group  at  2  hours  after  fluid  resuscitation  also  significantly  Increased 
to  159±  35%  ofba3eIice(p<  0.01);  however,  hwu  significantly  less  than  the  control  group 

4 

(343  ±  47%)  ip  <  O.OI).  The  data  indicated  that  administering  TV  ublquinol  along  with  fluid 
resuscitation  after  a  hemorrhagic  shock  event  decreased  micro vascLtlar  ROS  production.  This 
could  potentially  reduce  microcirculation  Injury  caused  by  reperfusion  after  hemorrhagic  shock. 

In  conclusion,  all  the  experiments  related  to  AIM  #2  and  the  four  hypotheses  suggest  that 
IV  CoQlO  reduces  leaks cyte  adherence,  mast  cdl  degranuMoa  vascular  permeability,  end  ROS 
levels  in  nucfodroulatiau  following  bemotrivid6  shock  end  fluid  resuscitation.  These  data  have 
been  accepted  for  publication  in  Physiological  Reports,6 

RahtiMohiF  af  airmail]  nrilwgs  to  praylnmi  ftniHngi: _ 

AIM  Mr  Ttixamhie  ike  <*f  CoQlH  ht  Utikccytts,  tiitlmg,  and  the  diaphragm  as  e 

tr*aim*nl  for  hemorrhagic  shock  (IIS}, 
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There  was  significantly  less  leucocyte  mitochondrial  Ch-  and  diaphragm  HaQiln  the 
ubiquinol  than  the  control  group,  Nuclei  of  the  diaphragm  and  hugs  were  measured  using 
fluorescence  microscopy.  Apoptosis  wu  reduced  In  the  rats  treated  with  ubiqulnol.  These 
results  suggest  that  vbiqinnol  nay  be  protective  again  organ  injury  caused  from  hemorrhagic 
shock.  Oxidative  stress  can  bo  decreased  in  numerous  diseases  with  antioxidants, 

Antioxidant  are  present  In  various  compounds  and  exhibit  the  possibility  to  decrease  tbe 
damaging  effects  of  isehemia-ieperfusion  injury  fallowing  hemorrhagic  shock  and  fluid 
resuscitation.^  Ubiquinol  Is  the  only  lipid-soluble  antioxidant  synthesized  endogenously  * 
UHquInol  reduces  ROS  and  assists  in  creating  the  proton  gradient  needed  for  the 
Tcphoiphorylatlon  of  ADP  to  ATP  m  the  mitochondrial  election  transport  chain,1*11  UbJqulnol 
sustains  the  membrane  potential  and  stabilizes  permeability  transition  pores  in  the  mitochondria^ 
as  well  as  controls  apoptosis  activation.13  Aoyagi(]984}  induced  L  hour  of  hemorrhagic  shock 
following  the  administration  of  ubiquinone  and  found  that  the  urinary  and  cardiac  outputs  in 
canines  significantly  recovered  better  than  the  Control  dogs. 15  In  another  study,  ubiquinone  did 
not  affect  coagulation  and  suppressed  fibrinolysis  following  hemorrhagic  shock,1*  Yunada 
(1 990)  Induced  hemorrhagic  shock  60  minutes  following  the  administration  with  ubiquinone  in  a 
dog  model13  Airway  pressures  wore  decreased,  lung  compliance  recovered,  plasma  pyruvate, 
catecholamines,  histamine,  and  lactate  levels  were  reduced.  Since  these  studies,  our 
investigations  have  been  (he  only  reported  studies  of  ubiquinol  on  the  generation  of  ROS  or 
effects  on  the  apoptosis  Mowing  US  and  fluid  resuscitation. 

Earlier  studies  suggested  that  CoQlD  is  an  antioxidant  involved  with  the  mitochondrial 
ATP  generation;  these  studies  are  supported  by  our  findings.  Cellular  hypoxia  is  produced  form 
hemorrhagic  shook  and  a  cascade  of  events  Is  mhisted  which  loads  to  the  release  of  Inflammatory 


20 


Priflripd  iDWHtlptof  fPiMTfl,  Janet,  Dw«(4 


USU  Pmjwl  NVunben  HI  I -CM 


cytokines,  reduced  mitochondrial  ATP  production,  and  Increased  Oi-*  HjO^  and  OFT 
product!  cm,1*  Release  of  cytokines  from  the  Ischemic  gut  enters  Ihc  circulation  of  the  vasculature 
via  tbs  mesenteric  lymph  system  following  resuscitation  andreperfrsion.  Priming  sod  migration 
of  neutrophils  io  Ike  heart,  kidneys  and  Lungs  causing  direct  local  cytotoxic  injury  by  the  release 
of  pro4nflammatocy  mediators  and  RGS.  Hypoxic  conditions  cause  an  increase  in  cardiac 
mitochondria  R.OS  (Kolanturute  tt  al,>  2011).  Similarly,  our  results  jhowed  that  hemorrhagic 
shock  induced  hypoxia  and  the  production  of  RjOS,  this  was  measured  by  using  MttoSQX 
Red, 17,11  Administering ubiqulnol  posthemorrhagic  shock  decreaaed  mitochondria]  02^  ensuing 
the  preservation  of  mitochondria]  membrane  integrity  and  electron  transput  chain  complex 
activity.  Cellular  apoptosis  hi  leperfusion  injury  occurs  from  the  release  of  RiOSand 
inflammatory  mediators.  Cellular  oxygen  increases  when  blood  flaw  returns  Following  fluid 
resuscitation,  enuring  an  increase  In  xanthine  dehydrogenase  production,  resulting  In  ihe  Increase 
ofOi^  sad  HjOj  production.19 

In  our  study,  we  used  Wood  and  lactated  Ringer  solution  to  restore  bkmd  flow,  this  was 
followed  by  a  decrease  ofhypoxio  cells  and  tins  increased  floe  radical  production  that  could 
riflmHgepmteina,  DMA,  and  plasma  membranes.  An  Increase  in  Teukocyte  mitochondrial  O/- 
and  H1Q1  concentration  in  the  diaphragm  occurred  at  120  minutes  after  fluid  resuscitation 
without  using  tdriquhol.  Lower  levels  of  and  H^were  ft  result  of  the  scavenged  ROS  that 
occurred  witen  ubtquinoL  was  used.  Reactive  oxygen  spews  activated  phagocytes  are  mediators 
of  apoptodc  and  necrotic  organ  injury,™  The  generation  of  0^~  is  possibly  a  result  of  the 
involvement  of  leukocyte  mitochondria.71  In  our  study*  the  MFl  of  MitoflOX  Red  using 
ubiqulnol  significantly  decreased  120  minutes  following  hemorrhagic  shock,  the  MFl  without 
using  ubiqulnol  continued  to  increase.  The  study  suggest  that  ubiqnmol  scavenge*  leukocyte 
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mitochondrial  Oj*"  when  ft  was  found  that  Oa-  decreased  following  fhrid  resuscitation  in  the 
ubirjuinol  group  compared  with  the  control  group.  The  oxidant,  H^Os  U  involved  m  the 
physiology  and  signaling  of  cells.  In  one  study  following  hemorrhagic  shock,  dopamine 
decreased  the  level  nf  HjOj  in  rai  diaphragms, 7  In  aim  #1*  (he  concentration  of  HjOjln  the 
diaphragms  wen  significantly  less  in  the  animals  that  were  administered  ublqidnol,  when 
compared  with  the  control  group.  Diaphragmatic  ROS  could  possibly  be  decreased  ifubiquinol 
la  used  post-hemorrhagic  shock  before  resuscitation  with  fluid,  contractile  function  would 
recover  and  respiratory  Impairment  risk  decrease.  It  is  well  known  that  there  b  a  correlation  with 
increased  ROS  end  apoptosis,30  Organ  damage  and  apoptosis  are  associated  with  hemorrhagic 
shock  and  injury  from  rcperfusknL  Apoptosis  is  decreased  following  antioxidant  administration 
in  an  animal  hemontiagic  shock  model33  Hydrogen  peroxide  production  corresponded  with  the 
reduction  of  antioxidants  In  apoptotic  celli33  In  the  Late  stages  of  bemonbagic  shock,  post 
hypoxle-repcifUsLoii,  raised  Levels  of  ROS  in  organs  cause  damage  to  the  mitochcmdria  that  can 
lud  to  apoptosis  and  reault  in  organ  damage  and  eventually  failure,  It  was  concluded  by 
Kolamunne  et  al  (201 1)  that  a  higher  exposure  was  the  cause  of  cell  death  niter  noticing  a 
decrease  of  Oi~  In  hypoxic  cardiac  myoblasts;  Our  aim  #1  findings  were  similar  to  Kolamunne 
In  that  there  was  not  a  significant  increase  in  the  ublqdnol  group  for  presence  ofOT"  In  the 
mitochondria,  with  a  corresponding  low  percent  apoptosis.  In  addition,  it  was  found  that  the  use 
afuhiquinol  pre  resuscitation  reduced  diaphragm  and  lung  apoptosis;  suggesting  ubiqidnoL  bu 
antioxidant  properties.  The  attenuation  of  apoptosis  activation  results  from  a  decrease  in  HOS. 


The  data  for  aim  #1  suggest  ubfquitmL  may  useful  as  t  supplemental  treatment  for 
hemorrhagic  ahock  and  resuscitation  injury  due  to  the  following:  A  reduction  of  leucocyte  0^  In 
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dm  tartochandria,  a  decrease  Ln  HjO;  concentration  In  the  diaphragm,  and  reduced  lung  and 

diaphragm  apoptosis, 

AIM  #2:  To  examine  fa  effect  qfCoQlO  to  tie  atlmKlKatatioa  os  a  irnimtnifor  HS. 

The  administration  of  ubiqumoL  following  hemorrhagic  shock  and  fhiid  resuscitaiioo  has 
the  following  effects  an  mesenteric  venules:  leukocyte  adherence  reduction,  mast  cell 
d£  granulation  attenuation,  and  kssena  the  vascular  permeability  and  ROS  level  Increases. 

The  balance  between  pro-adheslye  and  hydrodynamic  dispersal  forces  are  the 
dgtmmhrfrtfl  factors  affecting  leukocyte  adherence  to  the  venutarwalL  There  are  a  variety  of  pro 
inflammatory  mediators  that  are  pro  adhesive  forces  such  as  activating  factor  (PAP],  histamine, 
platelets,  and  leukotrienes  which  are  involved  in  cells  of  the  endothelium  and  leukocyte 
receptors,  stimulating  railing  end  adhesion  of  the  leukocytes,11  Activated  endothelial  cells  caused 
from  a  nised  level  of  ROS  and  contribute  to  transcription-dependent  adhesion  molecule 
syathetU  md  expression.13,34  An  anti-adheslv*  fbrea  Is  the  movement  of  Mood  flow,  which 
propels  leukocytes  around  the  endothelial  surface,  Venular  wall  shear  rate  is  the  estimation 
representing  the  leukocyte  adherence  interference  caused  from  tine  hydrodynamic  dispersal  force 
generated  at  the  vessel  wall.  During  n°  time  throughout  the  experiments  were  there  any 
significant  differences  between  the  control  and  ubiqufnol  groups  for  shear  rate.  The  differences 
between  the  groups  for  adherent  leukocyte!  might  be  the  result  of  pro-adhesive  fame  differences. 

Reactive  oxygen  specie?  reduction  In  the  microcirculation  of  ths  mesentery  occurs  fiem 
(he  antioxidant,  ubiqulnol,  therefore  the  trHiucriptimwtependent  adhesion  molecule  synthesis  and 
espretaion  maybe  inhibited.  Platelet  activating  fhetor  (PAP)  and  leufcotricnes  are  important 
inflammatory  mediators  that  have  crucial  development  function  In  micro  vascular  inflammatory 
response  to  hemorrhagic  shock  and  fluid  resuscitation  induced  ischennn-rqwrfusiQn.11 
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Adherence  of  leukocytes  stimulated  by  the  release  ofPAF  also  increased  leukocyte  supers  ride 
production.^  superoxide  dismutaso  stops  RAF  generated  adherence  of  leukocytes^0  Incur 
ftudy,  we  found  that  administering  uhiquinoL  prior  to  fluid  resuscitation  may  reduce  PAP 
induced  leukocyte  adherence  by  louTiing  levels  of  RDS.  ta  addition,  ubiquinol  may  decrease 
mast  cell  dedvmiliriau  post  1 20  minutes  of  Quid  resuscitation.  Various  inflammatory  mediators 
(he*,  serotonin,  kmogtuases,  histamine,  tryptase,  phospholipases,  etc.)  an  released  during  mast 
cell  degranulstion  as  well  as  strengthen  the  inflammatory  responses  in  the  microcirculation® 
Reperitaion  injury  that  occurs  post  hemontwgie  shock  and  treatment  with  fluid 
rtttjsdtalion  can  be  minimized  by  hindering  dcgrenulaticm  of  the  mast  cells.  A  mad  cell 
stabilizer  by  tho  imme  of  cromolyn  and  the  antioxidant  known  as  lipoic  acid  was  detected  to 
block  de  granulation  of  maxi  ceils,  thus  decreasing  ROS,  vascular  permeability}  sad  adherence  of 
leukocytes,39  Blood  flow  and  decreased  hemoglobin  concentration  was  most  likely  the  cause  of 
mesenteric  hypoxia.  Other  studies  indicated  that  If  homeostasis  does  not  occur  between  RO$ 
and  nitric  oxide,  mast  cell  dcgmudarioii  may  be  initiated  and  an  increased  adhesion  of 
leukocytes  to  (he  endothelium.31^  in  our  studlet,  il  Is  possible  that  ublqufnol  is  responsible  for 
decreasing  RQS  levels  and  dtgmnulstioa  of  mast  cells,  Comparable  to  other  studies,  Lschemia- 
reperfadon  Btfimilrtitd  vsmilar  permeability  to  RTC-afbumin  in  the  control  group/5"*4'  Varied 
FlTOidbutnin  patterns  accrued  along  the  venule  walls,  suggesting  leakage  In  the  vasculature 
following  hemorrhagic  shock  and  fluid  resuscitation. 

Histamine  and  serotonin  inflammatory  mediator  activation  and  vascular  endothelial 
growth  tractor  (VEOF)  cause  changes  in  the  vascular  ultrajtiucture  and  Increase  petmealtfllty/* 
Changes  in  the  vascular  Integrity  occur  from  the  involvement  ofROS.34  Reactive  oxygen  species 
are  scavenged  by  lihiqumol,  when  this  happens  vascular  permeability  is  decreased  by  a  reduction 
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for  the  Erst  two  experiments*  the  switch  fitted  to  successfully  alternate  to  the  fluorescence 
camera.  We  solved  this  problem  by  obtaining  assistance  from  a  microscopy  specialist  from  the 
Imaging  Center  at  University  of  Kansas  Medical  Center.  He  tested  the  microscope  and  found  a 
way  in  which  we  could  switch  the  cameras  manually,  Therefore,  we  were  able  to  visualize  the 
venules  by  carefully  switching  the  cameras  manually  for  each  microcirculation  experiment.  The 
results  wen  not  affected  by  this  problem. 

Identifying  the  optimal  concentration  of  FlTC-labeled  bovine  used  for  arterial  injection 
was  challenging.  At  the  beginning,  a  higher  concemralion  of  FlTC-laheled  bovine  albumin  was 
used  and  the  intravascular  fluorescence  intensity  was  too  bright  and  caused  an  automatic  shut  off 
by  the  fluorescence  camera.  We  tested  different  concentrations  to  obtain  better  fluorescence 
contrast  between  intravascular  and  extra  vascular  spaces  and  bad  found  that  SO  rug/kg  is  an 
appropriate  dost  Since  then,  wc  have  been  successfully  obtaining  quality  of  fluorescence  images 
to  evaluate  vascular  permeibtlfy. 

During  the  process  of  converting  and  analyzing  hnagtt  from  the  first  few  mast  cell 
degrauulatiaD  experiments*  wo  fora)  that  the  gray  scale-phase  inverted  images  were  too  dark  to 
detect  any  light  intensity.  We  consulted  with  microcirculation  specialist  Dr  Wood  and  he 
suggested  washing  off  the  super-perfused  ruthenium  rcd  solution  on  mesentery  prior  to  recording 
images.  Since  we  tested  and  applied  this  method  to  wash  off  excessive  ruthenium  red  solution 
covering  the  mesentery,  we  have  been  able  to  measure  light  intensity  of  mast  cell  to  evaluate  ite 
degree  of  degradation, _ 

With  vascular  permeability  studies  ft  was  difficult  on  same  days  to  find  mesenteric  that 
had  sufficient  flow  ot  did  not  have  bifurcations.  To  overcome  these  difficulties,  we  spent  mare 
rime  searching  the  various  venules  and  it  sometimes  required  up  to  an  hour  or  longei  to  find  an 
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adequate  vessel,  Thus,  adding  additional  time  for  searching  For  venules  assisted  ua  with 
overcoming  this  obstacle. 

The  m^jor  obstacles  with  the  ROS  experiments  was  performing  these  experiments  in  the 
d«k  sod  remembering  to  add  additional  DHRto  the  venule  to  ensure  there  was  adequate  dye  for 
ROS  measiUcnicntL  We  overcame  these  obstacles  by  using  timers  to  remember  to  add  the  DHR 
solution  and  tiring  our  smart  phones  with  flashlights  to  assist  with  data  recording  and  to  visualize 
our  catheters  when  needed 
Limitations: 

There  arc  three  nuyor  limitations  of  this  study.  Fira,  these  finding  are  in  rats  a&d  would 
not  be  gcncralizable  to  humans.  Thus,  there  will  need  to  be  transUdotial  studies  in  humans 
before  this  can  be  implemented  in  practice.  The  second  limitation  is  the  use  of  intravenous  (IV) 
ubiquinol  in  humans,  la  Europe*  Japan  and  China  ubiqulnol  Is  available  In  an  TV  form,  However* 
in  the  LT.Srt  it  Is  currently  not  available  to  give  [V  end  there  would  need  in  be  approval  before 
using  ubiquind  in  (his  fbnnolstfoiL  The  third  limitation  is  the  requirement  for  immediate 
measurement  of  Causing  a  Flow  cytometer.  This  require*  reservation  of  the  Instrument  and  the 
time  available  to  test  the  sample*  which  Is  not  always  possible. 

Coathirioni 

The  completed  experiments  related  to  AQvl  ft  1  suggests  that  administering  FV  CoQlO 
following  hemorrhagic  shock  and  during  fluid  resuscitation  has  significant  effects  on  reducing 
tho  production  of  reactive  oxygen  species  (hydrogen  peroxide  and  superoxide)  in  the  lung. 
diaphragm,  and  mitochondria  in  leukocytes.  In  addition*  IV  CoQlG  significantly  reduces  cellular 
Injury  (measured  by  percent  of  apoptosis)  in  the  vital  organs  such  as  the  lungs  and  diaphragm. 
Our  microcirculation  dat»  for  AIM  #2  also  indicate  that  adding  IV  CoQlO  to  the  fluid 
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resuscitation  regimen  following  bemonhagic  shock  effectively  deceases  leukocyte  adherence, 
mast  cell  dignmul&tkjn,  vascular  permeability  t  and  ndcrovaacular  ROS,  This  suggest  that 
adding  IV  CoQIQ  could  substantially  reduce  microcirculation  Inflammation  and  injury  that 
occurs  with  rtpetfusion  injury,  Therefore,  administering  CoQ  10  following  hemorrhagic  shock 
may  help  prevent  cellular  damage  caused  by  hemorrhagic  shock  that  often  lads  to  the  organ 
failure.  The  data  for  AIM  #1  hav*  been  successfully  disseminated  in  presentations  and  published 
in  Exptrbntntaf  Physiology*  The  data  for  AIM  #2  have  been  successfully  disseminated  in 
presentations  find  have  been  accepted  for  publication  in  PhysJotdgictJ  Reports.  * 
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Significance  orstu  Gy  or  Project  Results  iq  Military  Nursing 

Many  military  personnel  in  the  recent  Operations  In  Iraq  and  Afghanistan  have  experienced 
hemorrhagic  shock.39  With  most  hemonhagp-retated  deaths  occurring  6  hours  pasM^ury,  h 
should  be  a  priority  for  military  nurses  to  establish  an  efficient  mode  of  treatment  In  order  to 
improve  survival  rates  among  w&r-ftght£r$  and  other  operational  personnel.  Military  and  civilian 
personnel  need  research  evidence  to  hue  tiurii  practice  related  to  resuscitation  therapy  in 
hemorrhagic  shock  patients.  Since  resuscitation  can  result  in  cellular  injury  and  multiple  organ 
failure,  it  is  essential  to  determine  the  optimal  mode  of  treatment  that  limits  lung,  diaphragm,  and 
nricxovaacultfurc  cellular  damage.  With  US*  casualties  originating  in  Iraq  and  Afghanistan*  iherc 
Is  a  renewed  sense  of  urgency  to  find  the  best  method  of  recovery  far  military  personnel  following 
hemorrhagic  events.  While  cunent  practices  ate  lifesaving,  they  may  not  always  restore  normal 
cellular  and  organ  Junction. 

The  results  from  this  study  are  significant  to  military  mining  because  the  findings  show  a 
decrease  in  ctllul&r  damage  and  organ  damage  as  measured  by  leukocyte  presence  In  the  Wood, 
Lung  and  diaphragm  apoptosis,  snd  diaphragm  hydrogen  peroxide  concentration.  In  addition,  the 
damage  to  the  microcirculation  as  measured  by  leukocyte  adherence,  mast  cell  dcgrtnulation, 
vascular  permeability,  and  reactive  oxygen  species  presence  all  improved  with  the  addition  of  Ihe 
supplement  ubiquinol  to  the  hemorrhagic  shock  treatment  protocol.  The  results  support  previous 
suggestions  of  ubdqihnol  being  a  free  radical  scavenger,  a  decrease  ta  oxidative  stress  that  ia 
produced  following  hemorrhagic  shock.  Our  experiments  that  were  conducted  with  an  animal 
models  pots  military  nursing  one-step  closer  to  beginning  translational  processes  m  the  field, 
possibly  Increasing  the  survival  for  the  wounded  warriors.  The  remlta  of  these  experiments  have 
the  potential  to  change  practice  by  providing  knowledge  needed  for  measuring  patient  outcomes 
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experiencing  free  radical  damage  following  a  hemorrhagic  event  On  study  examintd  factots  Hut 
affect  the  health  care  of  operational  personnel  that  experience  hemorrhagic  shock.  The  results  of 
(his  stody  indicate  ubiqumol  can  be  used  a  potential  treatment  for  hemorrhagic  shock  and  lead  to 

improving  health  outcomes  for  those  we  care  for  that  have  life  threatening  conditions*  resulting  in 

+ 

better  Care  for  the  war-fighler, 

The  results  indicate  that  CoQlQ  can  be  a  checJca]  adjunct  to  current  resuscitation 
treatments  that  may  ultimately  vmrk  to  reduce  the  damaging  effects  of  HS  and  resuscitation,  The 
resultsof  ttds  study  reveal  that  using  a  blood  tut  for  the  presences  of  leukocytes  n^y  ad  as  a 
blomariter  for  oxidative  stress  during  hemorrhagic  shock,  and  the  administration  of  ubiqulnd 
added  to  the  protocol  10  decrease  the  oxidative  stress  and  accompanying  cellular  damage  and  organ 
death.  The  possibility  of  reducing  cellular  Injury  can  prolong  life  and  promote  health  of  trauma 
patients*  military  and  civilian.  For  military  nurse*,  hemorrhagic  shock  occurs  in  many  life- 
threatening  situations.  If  a  more  optimal  mode  of  therapy  for  hemorrhagic  shock  mere  established, 
ouch  as  the  addition  of  ubiqmnoL,  it  would  allow  military  nurses  to  provide  cart  than  la  mere 
efficient  for  the  warrior  and  other  military  personnel. 

Military  nursing  clinical  practice  could  benefit  from  the  results  of  these  studies  should  the 
guidelines  for  hemorrhagic  shock  resuscitation  includes  the  addition  of  CoQ]  0  used  to  prevent 
multiple  wg3n  damage  by  decreasing  oxidative  stress.  Our  data  expands  the  body  of  military- 
relevant  scientific  knowledge  and  ultimately  Improve  the  ability  to  provide  proper  and  hlgb- 
gUfdhy  rare  fnr  fTprre+'™™t  p*™*"****1  mhft  tuffcr  fmm  hemorrhagic  slincV  r  J«llyL  the  results  at 
our  study  indicate  that  caring  for  all  entrusted  to  our  care  could  kad  to  improving  health 
outcomes  for  those  we  care  for  that  are  In  life  threatening  situations*  resulting  In  better  care  for 
the  war  fighter. 
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